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ONCE-THROUGH STEAM-GENERATOR SENSITIVITY CALCULATIONS*
by
James L. Steiner and Donald A. Siebe

Reactor Design and Analysis Group
Nuclear Technology and Engineering Division
Los Alamos National Laboratory
Los Alamos. New Mexico 87545

ABSTRACT

A series of TRAC-PF1/MOD2 thermal-hydraulic calculations has
been performed to determine the effect of uncertainties in modeling
once-through steam-generator (OTSG) secondary-side phenomena on
the calculated behavior of Babcock & Wilcox power plants. The cal-
culations were performed by varying parameters in orrelations for the
secondary-side phenomena. The parameters and transients were cho-
sen to show the maximum expected sensitivity of the calculated results
to the parameter variations. The parameters were ihen varied over a
range representing the estimated uncertainty in tha correlation. In this
manner. the sensitivity of the calculated plant behavior to the modeling
uncertainties was determined with a reasonable number of calculations.
The sensitivity of calculated plant behavior to variatic i's in interfacial
heat-transfer in the OTSG secondaries was determined in a series of
steam-generator overfill transient calculations. Calcuiations were per-
formed for a man steam line break (MSLB) transient io quantify the
sensitivity to variations in interfacial drag in the secondaries; the in-
terfacial drag was varied in these calculations to indicate the eff .cts of
entrainment and de entrainment processes. for which no specific mod-
cls exist in the code. In addition to the transient calculations. a series
of steady state calculations was performed to determine the sensitiv-
ity of the OTSG primary-to-secondary heat transfer t»y the assumed
fraction of tubes wetted by the auxiliary feedwater (AFW) injection
Fhe plant model used for the sensitivity calculations was qualilied by
performimg a benchmark calculation for a natural ciculation test in the
TMI 1 plant.

The results of the plant transient calculations confirmed the ex
pected sersitivity to the vaned parameters and indicated b large ensi
vty of the MSIEB results to variations in the interfacial drag, wher as
the sensitivity to interfacial heat transter vanations was very small in

the steam generator ovethll calculations The steady state caleulation
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results showed that the condensation heat transfer during AFW boiler-
condenser mode is nearly proportional to the assumed wetting fraction.
Finally. the results of the benchmark calzulation confirmed the ability
of the TRAC-PF1/MOD2 code and input model to calcul.t2 the OTSG
thermal center elevation for the conditions in the TMI-1 natural circu-
lation test. The results provide information for determining whether
additional experimental data are needed to improve the accuracy of
calculated OTSG behavior. If additional experimental data for OTSG
phenomena are needed. the results of the calculations indicate that
data to characterize interfacial drag and entrainment/de-entrainment
at the tube support plates are needed more than data for irterfacial
heat transfer or tube wetting.

SUMMARY

A study was performed to determine the impact of uncertainties in the mod<ling of once-
through steam-gencrator (OTSG) secondary phenomena and processes on thermual-rvdraulic
system code calculations for plants with OTSGs. The study was a cooperative effort between
the Idaho National Engineering Laboratory and Los Alamos National Laboratory to deter-
mine whether the results of safety calculations for nuclear power plants could be sigrificantly
affected by the OTSG modeling uncertainties. and to identify additional experimental data
nceds The methodology used for the study was to review all phenomena and processes not
fully characterized by existing correlations and identify the phenomena or processes most likely
to impact plant transient calculutions. along with the type of transient that would be most
affected  Calculations were then performed with TRAC-PFZ/MOD2 and RELAP5/MOD?2 for
the selected transients at the estimated extremes of the uncertainty in the phenamenon or
process  This procedure dentified the range of sensitivity of the calculated results to the
modchng uncertanty by defining the bounds of the range.

The parameters vaned in the plant transient sensitivity calculations were selected by
reviewing all of the OTSG phenomena and processes and determining the phenomena or pro-
cesses whose estimated uncertainties would have the greatest impact on the calculated resuits
In this procedure some of the phenomena and processes, such as flow-induced vibrations. were
chiminated because they are not fully representad in thermal hydraulic code calculations The
sensitivity calculations were then performed by varying the parameters over a range represent
ing the estimated uncertainty in the cotresponding phenomenon ar process  The parameters
chosen tor vanation i the sensitivity calculations were the interfacial heat transfer between
the hqund and vapor phases in the O 15G secondanes (subsequently referred to as phenomena
HT10). and mtedacal drap between hgquid ana vapor i the secondanes (sehsequen.ly referred
to as phenomena HY3)

The transient caloalations {or the senaitivity study were chosen to show the maxonum
sensithivity to the vaned parameters Three calculations were podormed for each transient
me e o nomunal calcalation with the nonunal parameter value and two calculations with

the parametor valucs representing the e atiemes of the estmated uncertamty i the parte ot



phenomenon or process. In this manner the maximum sensitivity of calculated results to esti-
mated uncertainties in the OTSG phenomena and processes was estimated with a reasonable
number of plant calculations.

A steam-generator overfill transient was chosen to quantify the sensitivity to interfacial
heat transfer in the OTSG secondaries. In an overfill transient, the OTSG secondaries are
filled by excessive auxiliary feedwater (AFW) injection, during the overfill. the liquid in the
secondaries is heated by the steam in the secondaries and also by contact with the tubes.
The overfill transient was chosen because of the expected sensitivity of the secondary fluid
temperatures and primary system cooldown rate to the interfacial heat transfer in the OTSG
secondaries. Overfill sensitivity calculations were performed with both TRAC and RELAP; the
varied parameter was the liquid-to-vapor heat-transfer coefficient in the OTSG secondaries.

A main steam line break (MSLB) transient was chosen to define the sensitivity to in-
terfacial drag in the OTSG secondaries. In a MSLB transient, the affected OTSG secondary
depressurizes and voids rapidly. during depressurization, the flow and void distribution in the
secondary and heat removal from the primary depend strorgly on the interfacial drag in the
OTSG secondary. Therefore, the MSLB transient was expected to show the maximum sensi-
tivity of the calculated behavior to variations in interfacial drag. The drag coefficient between
liquid and vapor phases in the OTSG secondaries was the parameter varied in both the RELAP
and TRAC MSLB sensitivity calculations.

In addition to the plant transient sensitivity calculations. a series of steady-state calcu-
:ations was performed to determine the sensitivity of the OTSG primary to secondary heat
transfer to the fraction of tubes wetted by AFW injection in the top of the secondaries. These
“mapping sensitivity calculations” were performed with a series of assumed tube wetting
fractions to map the OTSG performance as a function of wetting fraction. Two types of map-
ping sensitivity calculations were performed- natural circulation mappirg calcuiations were
performed using RELAP to determine the sensitivity of the OTSG thermal center elevation
to the tube wetting fraction. and boiler-condenser mode (BCM) mapping calculations were
performed using a model of a single OTSG with TRAC to determine the sensitivity of the
condensation heat transfer in BCM to the wetting fraction.

The RELAP and TRAC models used for the OTSG sensitivity calculations were based on
existing models of the Oconee plant. The models used the same nodalization for the OTSG
primary and secondary regions and sinular nodalizations for the loop piping and reactor vessel
components. The 2-D calculation option in TRAC was used for the OTSG secondaries to
provide a more accurate representation of the cross flows in the secondaries. The TRAC code
and model used for the sensitivity calculations were qualified by performing a benchmark cal-
culation for a natural circulation test in the Three Mile Island (TMI) plant and then comparning
the results of the calculation to data from the test.

The results of the BCM mapping calculations show that high primary-to secon-dary heat
transfer rates are posaible in BCM and that the BCM heat transfer transfer rate increases
almost hnearly with the assumed wetting fraction. At the larger wett'ng fractions however.
the increase in heat transfer is <hightly less than hinear. which indicates that the heat transfer
may be hmited by one of the film cocethaents adjacent to the tube surfaces rather than inuted
by the conduction capacity of the tubes The sensitivity to wetting fraction indicate a need

for data to Charactenze the AFW tube wetting prohile  In plant calculations how.ever the



condensation heat transfer during BCM reduces the vapor pressure inside the tubes. allowing
liquid to rise in the tubes and thereby reducing the condensation surface area. The need for
wetting profile data is thus diminished by this self-limiting/self-correcting characteristic of
BCM in plant transients.

The results of the overfill sensitivity calculations show that with increased interfacial heat
transfer, the secondary pool temperature was increased siughtly and the primary depressuriza-
tion rate was reduced. Conversely. when the interfacial heat transfer was reduced. the primary
depressurization rate was increased as expected. The results of the overfill calculations both
confirm the expected sensitivity to variations i the interfacial heat transfer and indicate that
the magnitude of the sensitivity is very small.

The MSLB sensitivity calzulation results show that when the interfaci~l drag is reduced.
gravitational separation of liquid and vapor is increased in the OTSG secondaries. With in-
creased phase separation. the AFW penetrates lower in the affected steam generator. resulting
in a higher steam line void fraction and increased primary heat removal. The MSLB calcu-
lations show a large sensitivity of the calculated results to variations in the interfacial drag
during blowdown of the steam generator in the affected loop. The primary effect of the drag
variations was to alter the heat reinoval rate in the affected steam generator and the pri-
mary depressurization rate. The overall trends of the three MSLB calculations. however. were
not affected by the drag variations. although the major events were shifted in time by the
variations.

Comparison of the TMI natural circulation benchmark calculation to test data showed
reasonable agreement between measured and calculated parameters. In particular. the calcu-
lated natural circulation flow rate was within the uncertainty of the measured flow rate. This
inaicates that the OTSG thermal center elevation and corresponding axial hea*-iwransfer distri-
bution were accurately calculated for the conditions in the TMI test. Additional experimental
datz for a wider range of conditions would permit a more complete qualification of the code
and model used for the sensitivity calculations.

The results of the BCM mapping calculations indicate that data for defining the AFW
tube wetting profile are of high importance for characterizing the BCM heat transfer. Experi-
ence with plant transient calculations. however. shows that BCM is self-correcting and highly
dependent on pheromena elsewhere in the primary that affect the level in the OTSG tubes.
such zs the break flow in a loss-of-coolant accident. The results of the overfiil and MSLB
sensitivity calculations show that experimental data to characterize interfacial drag and the
related entrainment/de-entrainment process at the tube support plates (for which no models
exist) are needed more than data ta characterize interfacial heat transfer.

I. INTRODUCTION

A wide range of physical phenomena and processes have been identified in Sec 5 that can
occur in the secondary sides of once through steam generators (OTSGs) Many of these phe
nomena and processes can be accurately characterized by correlations based on experimental
Jata The existing expenimental data base. however. 15 not sullicient to fully quantify all of
the phenomena and processes possible in the OTSG secondaries  Known himitations of the
correlations for the secondary side phenomena, such as wall to biquud film heat transter. lead
to uncertamty in the resalts of thermal hydraulic s stem code picdictions of nudlear power

plant bchavior under postulated abnarmal operating conditions



TABLE |
MAPPING SENSITIVITY CALCULATIONS

LANL INEL
Eight AFW BCM mapping sensitivity Eight natural circulation mapping
calculations for 0.26. 0.787. 1. 5. sensitivity calculations for 0. 0.26.
10, 25. 50. and 100% AFW 0.787. 1, 5. 10, 25. and 50%
wetting fractions. AFW wetting fractions.

A study was performed in the spring of 1988 to quantify the effects of OTSG model-
ing uncertainties on overall calculated plant behavior. The study was a cooperative effort
between the Idahu Nationa! Engineering Laboratory (INEL) and Los Alamos National Labora-
tory (LANL) to determine whether the results of safety calculations for nuclear power plants
could be significantly affected by the OTSG modeling uncertainties. and to identify additional
experimental data needs. The methodology used for the study was to review all phenomena
not fully characterized by existing correlations and select the phenomena most likely to impact
plant transient calculations, along with the type of transient that would be most affected. The
phenomena and transient selection was a joint effort between INEL, LANL. and the Technical
Advisory Group (TAG). Calculatiaons were then performed for the selected transients at the
extremes of the correlation uncertainty. This procedure identified the range of sensitivity of
the cal lated results to the correlation uncertainty by defining the bounds of the range.

Steady-state and transient calculations for the sensitivity study were selected based on
their axpected sensitivity to the varied parameters. The steady-state calculations were chos2nr
to quantify the steady-state sensitivity of the OTSG performance (as indicated by the primary-
to-se.ondary heat transfer and thermal center clevation) during auxiliary feedwater {AFW)
operation to the number of tube: wetted by the AFW. These “mapping sens'tivity calculativ:ts’
were performed with a series of ascumed tube wetting fractions to map the OTSC performancc
as a function of wetting fraction. The apping calculations performed for the sensitivity study
are summarized in Table I. The boiler-condenser mode (BCM) mapping calculations were
performed at LANL with TRAC-PF1/MODZ using an OTSG modecl with driver components
to maintain constant levels in the pnimary and secondary sides. The model was used to
determine the condensation heat-transfer rate in BCM as a function of tube wetting fraction
and level in the primary side of the OTSG. The ratural circulation nmuapping calculations
were performed at INEL with RELAPS/MOD2 using a full plant model. These calculatinns
deterauned the steam generator thermal center elevation and corresponding primary syster
natural arculation flow duning AFW operation as functions of the tube wetting fraction and
secondary level.

The transient calculations for the sensitivity study (Table 1) were chosen to show the
maximum sensitivity to the vaned parameters A steam generator overhill transient was chosen
to quantfy the sensitivity to mterfacial heat transfer in the O 1TSC secondaries  In an overhill
transient, the O 15G secondanes are hilled by excessive AFW mjection During, the overhill the

[Sg]



TABLE I

PLANT TRANSIENT SENSITIVITY CALCULATIONS

LANL

INEL

Nominal steam-generator (SG) overfill
plant calculation, transient initiated by
loss of offsite power.

SG overfill plant sensitivity calculation
witk 0.1 multiplier on interfacial heat
transfer.

SG overfill plant sensitivity calculation
with multiplier of 3 on interfacial heat
transfer.

Nominal MSLB plant calculation with
break area = steam line area and
pumps on.

Nominal MSLB plant calculation with
break area = TBV area and pumps on.

M5LB plant sensitivity calculation with
0.001 multipher on interfacial drag in SG
secondaries. pumps on. and TBV area.

MSLB plant sensitivity calculation with
1000 multiplier on interfacial drag in SG
secondaries, pumps on. and TBV area.

TMI plant benchmarhk calculation.

Nominal SG overfill plant calculation.
10% wetting fraction. transient
initiated by loss of offsite power.

SG overfill plant sensitivity calculation
with 0.1 multiplier on interfacial heat
iransfer.

SG overfill plant sensitivity calculation
with multiplier of 3 on interfacial
heat transfer.

SG overfill plant sensitivity calculation
with 3% wetting fraction. no multiplier
on interfacial heat transfer.

Nominal MSLB plant calculation witn
break area = steam line area and
pumps on.

MSLB plant sensitivity calculation

with 0.001 multiplier on interfacial drag
in SG secondaries. pumps on, and steam
line area.

MSLB plant sensitivity calculation
with 1000 multiplier on interfacial

drag in SG serondaries, pumps or. and
steam line area.

TMI plan benchmark calculation.

stcam in the sccondaries 1s cooled by the AFW hiquid injected into the secondaries. and the
axial fluid temperature distribution, therefore, depends on the interfacial heat-transfer rate
The overlill transicnt was chosen because of the expected sensitivi'y of the OTSG axial heat
transfer distnbution and nrimary system cooldown rate to the interfacial heat transfer in the
OTSG secondanies A senes of steam generator overtdl transient calculations was performed
with TRAC PF1/MOD1 and RELAPS5/MOD2 to deternune the sensitivity to interfacial heat



transfer. These calculations included a nominal overfill transient and two additional calcula-
tions with multipliers of 0.1 and 3 applied to the interfacial heat-transfer coefficient between
the liquid and vapor phases in the OTSG secondaries. These multiplier values have been
determined to represent the extremes of the uncertainty in the interfacial heat transfer in
a previous study related to the Upper Plenum Test Facility (Ref. 1). An additional overfill
transient calculation was performed with RELAP5/MOD2 to determine whether the overfill
calculation results were sensitive to the tube wetting fraction.

A main steam line break (MSLB) transient was chosen to define the sensitivity to in-
terfacial drag in the OTSG secondaries. In a MSLB transient the affected OTSG secondary
depressurizes and voids rapidly: during depressurization. tiie flow and void distribution in
the secondary and heat removal from the primary depend strongly on the interfacial drag in
the OTSG secondary. Therefore. the MSLB transient was expected to show the maximum
sensitivity of the calculated behavior to variations in interfacial drag. RELAP5/MOD2 and
TRAC-PF1/MOD2 were each used to perform a series of MSLB sensitivity calculations. In
the RELAP5/MOD2 calculations the full steam line area was used for the MSLB area: the
turbine bypass valve (TBV) area was used for the break area in the TRAC-PF1/MOD?2 calcu-
lations to investigate the sensitivity at the lower end of the MSLB size spectrum. Each series
of calculations included a nominal MSLB calculation and two additional calculations with mul-
upliers of 0.001 and 1000 applied to the interfacial drag. This range of multipliers was chosen
because the interfacial drag coefficient can vary over several orders of magnitude. depending
on the flow regime. and as an estimate of the uncertainty in the entrainment/de-entrainment
process at the tube support plates. for which no models exist. This procedure defined the
sensitivity to interfacial drag over the range of steam line break sizes.

The model used for the OTSG sensitivity calculations was based on an existing model of
the Oconee plant. The model was qualified by running a benchmark calculation for a natural
circulation test conducted during startup of the TMI-1 plant. and comparing the calculated
and observed OTSG performance. This report describes the model and calculations performed
for the OTSG sensitivity study. the results of the calculations. and conclusions drawn from

the results. and provides recommendations for future thermal-hydraulic testing to characterize
OTSG phenomena.

Il. MODEL DESCRIPTION

The primary piping and components were based on a TRAC-PF1/MOD1 (Refs. 2-4)
model of the Oconee-1 plant that had been used for a Nuclear Regulatory Commission (NRC)-
sponsored pressurized-thermal-shock study (Ref. 5). This model was later updated to create
a TRAC-PF1/MOD2 model

The steam generators were modeled with two PIPE -omponents on the primary side of
each Two channels made from PiPE and TEE components were used to represent each
steam generator secondary. One channel of the secondary and one of the PIPE com.ponents in
the primary represented the portion of the stearn generator and steam-generator tubes wetted
by AFW flow. The other secondary channel and primary PIPE component represented the
portion of a steam generator and steam-generator tubes that were not wetted by the ArW.

The apportioning of wet and dry arcas was made based on guidelines provided by Babcock &
Wilcox (B&W]) (Ref 06).



A similarly nodded model was used for pretest calculations for the Multi-Loop Integral
System Test (MIST) facility. Whei. MIST data became available. we found that this model
predicted the steam-generator thermal center at too low an elevation in the steam-geneiator.
This caused steady-state natural circulation flows to be underpredicted and primary pressure
and hot-leg temperatures to be overpredicted (Ref. 7) In a study to determine model and
code changes that would produce an adequate steady-state for MIST pos*test calculations, we
found that the two-channel secondary model did not allow sufficient steam flow between the
channels. Noding and code changes were mace so -hat a single channel could be used for the
steam-generator secondary with two sers »f heat v 2~:fer coefficients calculated. one for the
nominally wet tubes and one for the nc..uaainy drs a1 iel. \We also found that determining the
heat-transfer coefficients by redistributing | juiw ir. 1ne upper part of the steam generator from
the nominally dry region to the nominally wet .2g.>n ard tten multiplying the heat-transier
coefficient by a factor of 1.8 for the nominally wet pzrticn of the steam generator produced
an adequate steady state. A model used by B&W makes similar changes for modeling the
MIST steam generators.

A developmental code version. TRAC-PF1/MOQD?2, has the capability to utilize a more
physically correct model for the steam-generator secondaries. The 3-D VESSEL components
can be used to model the steam-generator secondaries with generalized heat structures used to
model heat-transfer paths. This capability was demonstrated earlier with a standalone madel
that used 25 cross-sectional nodes and 19 axial levels in a detailed model of a 19-tube MIST
steam generator (Ref. 7). Since this capability produces a more realistic steam-generator
model. we decided to utilize it for these sensitivity calculations.

A steam-generator model was developed using a 3-D VESSEL to represent the steam-
generator secondaries. Three radial rings are used: the inner represents the nominally dry
portion of the steam generator. the middle ring represents the nominally wetted portion of
the stecam generator. and the outer ring represents the downcomer and steam annulus. A cell
theta dimension of 360° was used so the model is actually two dimensional. An 11-level axial
noding was chosen to be consistent with noding in the model used 5y INEL.

Table lil lists the hydrodynamic components by number. description, type. and number
of cells. There are 62 hydrodynamic comgponents, 210 3-D fluid cells. and 228 1-D fluid cells.
Figure 1 shows the noding of the reactor vessel. Fig. 2 steam generator A. Fig. 3 the A-loop.

hl RESULTS

The results of the mapping. overfill. and MSLB sensitivity calculations. and Three Mile
Island (TMI) benchmark calculation performed with TRAC-PF1/MOD2 are described in the
following subsections. For the BCM mapping calculations. the results define the BCM heat
transfer as a function of the tube wetting fraction and level in the primary side of the OTSG.
The results of the sensitivity calculations quantify the sensitivity of the calculated plant be-
havior to the varied parameters. The calculated results provide a basis for determining the
importance of correlations for the varied parameters by defining the sensitivity of key calculated
variables such as primary system pressure and primary cooldown rate.

A. AFW BCM Mapping Sensitivity Calculations
BCM describes a OTSG condition with condensation occurring in the primary side of
the tubes at an clevation where there is liquid contact with the secondary side of the tubes



TABLE 11l

TRAC-PF1/MOD2 PLANT MODEL COMPONENT DESCRIPTIONS

Component Component Number of
No. Description Type Cells
1 Reactor vessel VESSEL 12x2x6
11 Rod guide tube 1 PIPE 4
12 Rod guide tube 2 PIPE 4
13 Rod guide tube 3 PIPE 4
14 Rod guide tube 4 PIPE 4
15 Rod guide tube 5 PIPE 4
16 Rod guide tube 6 PIPE 4
80 Accumulator-a connection PIPE 1
90 Accumulator-b connection PIPE 1
81 Accumulator zero fill FILL 1
91 Accumulator zero fill FILL 1
50 Pressurizer PRIZER 6
60 Pressurizer PORV VALVE 1
70 PORV boundary BREAK 1
100 A hot leg TEE 20
102 A hot-leg to OTSG connection PIPE 2
103 A OTSG primary inlet plenum PLENUM 1
105 A OTSG wetted primary tube bundle PIPE 13
104 A OTSG dry primary tube bundle PIPE 13
106 A OTSG primary outlet plenum PLENUM 1
108 A loop seal TEE 10
130 A OTSG secondary shell VESSEL 11x3x1
184 A AFW nozzle and line PIPE 1
144 A steam line PIPE 1
190 A main feedwater line PIFE 1
110 A1 reactor coolant pump PUMP 2
120 A2 reactor coolant pump PUMP 2
112 A1l cold leg TEE 9
122 A2 cold leg TEE 9
114 A1l HP! FIlLL 1
124 A2 HPI FILL 1
146 A OTSG steam line TEE 7
148 A turbine stop valve VALVE 1
150 A steam line boundary BREAK 1
152 A steam line SRV fill FILL 1
185 A AFW fill FILL 1



TABLE Il Cont.

TRAC-PF1/MOD2 PLANT MODEL COMPONENT DESCRIPTIONS

Component Component Number of
No. Description Type Cells
188 A MFW fill FILL 1
200 B hot leg PIPE 12
202 B hot-leg to OTSG connection PIPE 2
203 B OTSG primary inlet plenum PLENUM 1
205 B OTSG wetted primary tube bundle PIPE 13
204 B OTSG dry primary tube bundle PIPE 13
206 B OTSG primary outlet plenum PLENUM 1
208 B loop seal TEE 10
230 B OTSG secondary shell VESSEL 11x3x1
284 B AFW nozzle and line PIPE 1
244 B steam li.e PIPE 1
290 B main feedwater line PIPE 1
210 B1 reactor coolant pump PUMP 2
220 B2 reactor coolant pump PUMP 2
212 B1 cold leg TEE 9
222 B2 cold leg TEE 3
226 B2 cold leg with leak site TEE 7
228 Small break boundary FILL 1
214 B1 HPI FILL 1
224 B2 HPI FILL 1
246 B OTSG steam line TEE 7
248 B turbine stop valve VALVE 1
250 B OTSG steam line boundary BREAK 1
252 B OTSG steam line SRV fill FILL 1
285 B AFW FILL 1
288 B MFW FILL 1

In BCN. the heat-transfer coefficient is high on both sides of the tubes and the primary-to-
seccndary heat-transfer rate 1s limited by the heat conductior capacity of the tubes. AFW
BCM occurs in an OTSG when the AFW is active and the water level in the primary side
of the tubes is Lelow the AFW injection elevation In A=W BCM, the tube surfaces wetted
by AFW in the secondary are adjacent to higher temperature vapor inside the tubes. The
heat-transfer rate in the AFW BCM depends on the surface area available for condensat.nn,
which is determined by the AFW wetting fraction and the primary level.

Eight BCM mapping sensitivity calculations were performed for 0 26. 0.787. 1. 5. 10. 25.
50. and 100% tube wetting fractions Each calculztion was a series of steady-state calculations

10
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at different OTSG primary levels. The calculated total primary-to-secondary heat transfer from
the BCM mapping calculations is shown as a function of the wetting fraction and primary level
in Fig. 4. The BCM mapping calculations were performed with the primary pressure maintained
at 11.99 MPa (1739 psis) and the secondary pressure maintained at 6.99 MPa (1014 psia);
these are typical pressure values during periods of BCM in plant transient predictions. At
these conditions, the results of the mapping calculations indicate that the BCM condensation
heat transfer is approximately 75 - 85% of the total primary-to-secondary heat transfer. The
remainder of the heat transfer results fiom steam cooling of tube surfaces not wetted by the
AFW ana from heat transfer below the secondary pool.

The results of the BCM mapping calculations show that high primary-to- secondary heat-
transfer rates are possible in BCM and that the steam generators can remove a significant
fraction of the core power during BCM. Fig. 4 also shows that the BCM heat-transfer rate
increases almost linearly with wetting fraction. At the larger wetting fractions, however, the
increase in heat transfer is sligitly less than linear, indicating that the heat transfer may be
limited by one of the film coeflicients adjacent to the tube surfaces rather than limited by the
conduction capacity of the tubes,

The results of the BCM mapping calculations demonstrate the strorg sensitivity of the
calculated BCM heat transfer to the assumed wetting fraction and level maintained in the
primary side of the tubes. In plant cali ulations, however, the sensitivity to wetting fraction
is greatly reduced because the primary levels are aflected by the BCM heat transfer. The
condensation heat transfer during BCM reduces the pressure of the vapor inside the steam
generator tubes, allowing the liquid to rise in the tubes. thus reduding, the sutface area available
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AFW BCM steam-generator heat transfer vs wetting fraction.

for condensation. The sensitivity of BCM effects to wetting fraction in plant calculations,
therefore, is largely offset by the self-limiting nature of BCM.

B. Steain-Generator Overfill Sensitivity Calculations

A steam-generator overfill transient was chosen to dcmonstrate the sensitivity of cal-
culated results to variations in liquid-vapor interfacial heat transfer in the steam-gencrator
secondaries.  The overfill sensitivity calculations were assumed to be initiated by a loss of
offsite power with a subsequent failure of the secondary high-level limit signals. In this tran-
sient. the steam generator secondaries are overfilled by the AFW and the primary is cooled
by natural circulation. During the overfill process. some of the vapor in the secondaries is
condensed by the AFW while the remaining vapor is compressed by the rising secondary liquid
level. The temperature of the liquid pool in the secondaries and corresponding primary heat
removal rate during the ovetlill depends on the interfacial heat transfer in the secondaries.
Results calculated for an overfill transient, therefore, are expected to be sensitive to variations
in interfacial heat transfer in the secondaries.

Three steam generator overdill calculations were performed to determine the sensitivity of
the calculated results to variations in interfacial hieat transfer. The three calculations indluded
a base caue with no changes to the heat transfer coellicient and two sensitivity calculations,
once with a multiplier of 3 and one with a multiplier of 0.1 applied to the intertacial heat transfer
in the steam generator secondaries. A wetting fraction of 10% was used for each calculation
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TABLE IV

STEAM-GENERATOR OVERFILL CALCULATION CONTROLS

Core power

Main
feedwater

AFW flow

Steam flow

HPI
PORV

Core flood
tank

Primary pumgs

Pressurizer
heaters

Terminate
calculation

Steady state: 2568 MW
Transient: Switch to power vs time curve at beginning
of transient

Steady state: Vary main feed to maintain secondary boiler
section level at 5.5283 ft
Transient: Ramp steady-state flow to zero in the first

5 s of the transient

Steady state: Off

Transient: Use AFW flow vs secondary pressure, do
not shutoff on high level, 5 s delay to
simulate main feedwater pump coastdown
at beginning of transient

Steam line connected in series to VALVE and BREAK component
(pressure boundary condition: same as TMDPVOL in RELAPY)

Steady state: Constant BREAK pressure = 917 psia;

VALVE open
Transient: Atmospheric BREAK pressure; VALVE starts
to open at 1025 psia, full open at 1085 psia

Actuate at 1515 psia, do not throttle or terminate
Open at 2465 psia, close at 2415 psia

Deactivated (won't open in this transient)

Steady state: Constant speed — 154 .18 rad/s

Transient: Freewheel

OIT during transient

When secondaries full (approximately 1000 s)

and the calculations were terminated at 1000 s when the secondaries were liquid full, The

controls used for the overill calculations are summanzed in Table 1V,

At the start of the steam gencrator overlill calculations, the reactor and primary coolant

pumps were tripped, and the TSVs were assumed 1o close in b s Duning the st 5« ol

the overhill calcutations, the primary and secondaries depressunzed rapidly (Fig 5) while the

1SVs were cdosing.

After 5 s the secondaty pressures tecovered to the TBVY set point of
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Primary and A-loop secondary pressures for overfill calculations.

7.07 MPa (1025 psia) and the TBVs opened. causing the secondary pressures to decrease at
about G0 s as shown in Fig. 5. Shortly after this time the TBVs closed on low secondary
pressure and remained closed in all three overfill calculations. After the TBVs closed. Fig. 5
shows that the secondary pressures recovered to just below the TBV set point at 100 s and
then gradually decreased for the remainder of the < alculations. During the secondary pressure
recovery from 60 to 100 s, heat was removed from the primarics and the primary pressures in
Fig. 5 decreased.

After the TBVs closed at 60 s, the secondaty pressutization rate in the overfill calcu-
lations depended on the interfacial heat transfer multiplier. With a multiptier of 3, steam
condensed more rapidly on the AFW injected in the top of the secondaries, and the secondary
pressurization was slower. The slower pressurization with the multiplier of 3 resulted in more
flashing, in the secondary pools and more primary heat removal.  As a result, the primary
pressure decreased more from 60 to 100 s an Fig. 5 with the multiplier of 3. After 100 s,
the heat removal rate duning the steam generator overlill was approximately equal to the core
power and the primary and secondary pressures stabilized in all three overfill caleulations. The
overlill rate was shlightly higher with the multiplier of 3 because in this case there was more
steam condensation on the AFW which reduced the secondary pressure (Fig. %) and allowed
a hipher Al Woinjection rate.

The tesults of the overlill calcudations contitm the expected sensitivity to variations in
the intetfacial heat tranafer for this type of transient and wndicate that the magnitude of the
sensitivity is very stmall  Inaddition, neither the power opetated eliet valve (PORV) set
point of 1700 MPa (2465 pria) not the high pressure inje: tion (HP1) set point ot 10.4% MIP’a
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(1515 psia) were approached in the calculations. If either of these set points had been reacheg
because of a variation in the interfacial heat transfer. the sensitivity of the results would have
been greatly increased. At the end of the overfill calculations. the secondaries were liquid full
and the primary was in stable natural circulation. If the calculations were extended further,
this situation would be expected to continue with subsequent YBV openings to remove decay
heat and minor changes in the primary and secondary pressures.

C. MSLB Sensitivity Calculations

A MSLB transient was selected to show the maximum sensitivity of calculated results
to variations in the interfacial drag in the steam-generator secondaries. The interfacial drag
variations represent the uncertainty in the entrainment/de-entrainment process at the tube
support plates. In a MSLB transient, the steam generator affected by the steam line break
depressurizes rapidly and eventually loses all of its liquid inventory. During depressurization
the flow and void distributions and primary heat removal rate in the affected steam-generator
secondary are highly dependent on the interfacial drag. The calculated primary and secondary
responses are therefore very sensitive to interfacial drag in & MSLB transient.

The MSLB calculations performed with TRAC-PF1/MOD2 assumed a steam line break
area equal to the TBV area (approximately 3% of full steam line area). The three MSLB
sensitivity calculations performed with TRAC-PF1/MODZ were a base case with no interfacial
drag changes and two sensitivity calculations, one with a multiplier of 0.001 and one with a
multiplier of 1000 applied to the drag. A wetting fraction of 10% was used for each of the
calculations and the calculations were terminated well after the period of steam-g:nerator
blowdown and primary cooldown. The controls for the MSLB sensitivity calculations are
shown in Table V.

At the beginning of the MSLB caiculations, the reactor power decay was started and
the TSVs were assumed to close in 5 s. Figure 6 shows that the primary and secondary
pressures decreascd rapidly during the 5-s TSV closure period at the beginning of the base
case MSLB calculation. After the TSV was fully closed, the secondary pressures recovered
and the primary continued to depressurize at a lower rate.

The A-loop (affected loop) steam generator depressurized after 20 s, because of the
steam line break, until approximately 100 s when the steam flow decreased to the AFW flow
in this loop (Fig. 7). After this time the A loop steam generator pressure remained stable until
300 s when the AT W was assumed to be terminated by an operator action. The A loop steam
penerator then depressurized to near atmospheric pressure in the absence ol AFW injection
(Fig. G).

The Bloop steam penerator pressure in Fig. 6 recovered to 5.3 MPa (769 psia) after
the TSV dosure at 5 s and then gredually decreased because of the cooling elfects of the
ATW injection. At approximately 250 s, the B3 loop steam genetator was neatly refilled to
the 6.10 m (20 1t) high level set point and the AFW flow bepan to decrease (Fig. 8). With
the reduced AW flow, the B loop steam penerator pressure decreased at a reduced rate after
250 s, reaching o minimum value of 4.7 MPa (682 psia) at 320 . After 320 s, Fig. 8 shows
that there was very little AFW flow in the B loop steam generator and the secondary pressure
in hig. 6 inceased for the temainder of the calculation.

The primary pressure in the MSER base case calculation was poverned mainly by the heat
temoval in the Aloop (aflected loop) steam generator. The primary depressurized steadily
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TABLE V

MSLB CALCULATION CONTROLS

Core power

Main
feedwater

AFW flow

Steam flow

HPI
PORV
CFT

Primary pumps

Pressurnizer
heaters

Ternmunate

calculation

A loop = affected loop for steam line break
B loop = unaffected loop

Steady state:

Transient:

Steady state:

Transient:

Steady state:

Transient:
(A loop)

2568 MW
Switch to power vs time curve (MIST power
decay curve) at beg:.nning of transient

Vary main feed to maintain secondary boiler
section level at 5.5283 ft
Off

Off

Vary AFW to maintain secondary boiler section
level at 20 ft. terminate AFW at 5 min

Steam line connected in series to VALVE and BREAK component
(pressure boundary condition: same as TMDPVOL in RELAPb)

Steady state:

Transient:

(A loop)

Transient-

(B loop)

Constant BREAK pressure = 917 psia;
VALVE open

Atmospheric BREAK pressure: VALVE remains
open

Atmospheric BREAK pressure. VALVE closes in
0.4 s after beginning of transient, then starts to
open at 1025 psia. full open at 1085 psia

Actuate at 1515 psia. do not throttle or terminate

Open at 2465 psia. close at 2415 psia

Deactivated (won’t open in this transient)

Steady state
Transient:

Constant speed . 138 23 rad/s
Constant speed 138 23 rad/s

On when pressure below 1975 psia

When secondanes full (approximately 1000 )

during, the tust 300 & of the calculation when the AFW woes active in the A loop At 300 «
the A lloop AFW was termmated by operator action and the paumary pressure m b G then

moreased untl 840 « when the pressunzer pressure teached the 17 MPa (2464 paa) PORV

set point The pnmary depressurzation rate and nummiam pressure of 111 MPa (1610 praa)
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B-loop steam-generator flows for MSLB base case.

at 300 s in the MSLB base case calculation were determined by the magnitude of the primary-
to secondary heat-transfer rate in the A-loop: these are the parame.ers that are sensitive to
variations in the interfacial drag in the OTSG secondaries

The MSLB sensitivity calculation: results show that when the interfacial drag is reduced.
gravitational separation of liquid and vapor is increased in the OTSG secondaries. With in-
creased phase separat.on. the AFW penetrates lower in the affected steam generator. resulting
in 2 higher steam hne void fraction (Fig. 9) and increased primary heat removal. Figures 10
and 11 show that during the 0 to 300 s peniod when the AFW was active in the affected loop
(A loop) steam generator. the primary depressurization rate was markedly increased when a
0.001 multiplicr was used for the interfacial drag. and reduced shghtly when a value of 1000
was used for the multiphier  Con narison of Figs 6 11 also shows that the overall trends of
the MSLB sensitivity calculations were similar although the HPI was activated at 85 s when
the 0 001 multipher was used (Fig 10) because of the lower prumary pressure calculated

The prmary repressarized steadily after 300 s in the MSI B calculations when AFW was
terminated in the A loop. results of the calculations show that the repressurization ate was
sensitive to the interfacial drag  After 300 s the AFW remained active in the B loop until the
B loop steam generator secondary was filled to the 6 10 m (20 ft) high level set point The
primary repressunization rate was increased durning this period when the interfacial drag was
reduced (Figs 6 11) With less drag and more separation m the B loop secondary the voud
fraction was lugher above the pool in the B loop secondaty and the heat transter above the
pool was 1educed The reduced heat transter re<ulted ain the higher pnimary repressunization
tate after 300 < with the 0 001 deag mualtipher The primary repressurzed to the 1700 MPa
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Primary and secondary pressures for 1000 multiplier MSLB calculation.

(2465-psia) PORV set point in each of the MSLB calculations; Figs. 6-11 show that the time
to PORV actuation was increased when the drag was inzreased.

The MSLB calculations show a large sensitivity of the calculatea results to variations in
the interfacial drag during blowdown of the affected loop steam generator. The primary effect
of the drag variations was to alter the heat removal rate in the affected steam generator and
the primary depressurization rate. The overall trends of the three MSLB calculations were
not affected by the drag variations. although the major events were shifted in time by the
variations. The primary and secondary conditions at the end of the MSLB calculations were
the same: the affected steam generator was veided and depressurized. the unaffected steam

generator was refilled to the high-level set point. and the primary pressure was contrnlled at
the PORV set point.

D. TMI Benchmark Calculation

The TRAC-PF1/MOD2 code and miodel used for the sensitivity calculations were qualified
by performung a benchmark calculation for a natural circulation test in the TMI plant In the
test. the reactor coalant pumps (RCPs) were not powered and the natural circulation flow rate
in the primary system was determined by the OTSG thermal center elevation. Comparison of
the observed and calculated natural circulation flow rate therefore provides a measure of the
accuracy of the calculated OTSG b L y-ior.

The TMI natural arculation test was imtiated with the core power at 3.2% (81.2 MW).
the RCPs runming at full speed. and the OTSG secandary levels maintained at 6 3 m (20.6 ft)
by the AFW in each loop. The test was started by tnipping the RCPs, during the test the
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core power was held at approximately 3.1%, the AFW flow was nearly constant in each loop.
and the OTSG secondary pressures were maintained by using the TBVs to control the steam
flow.

The TRAC-PF1/MOD2 calculation for the natural circulation test was run using data
fiom the test for the boundary conditions. Measured core power data were available until
900 s after the RCPs were tripped. and were specified for the power in the calculation. For the
remainder of the calculation, the power was assumed to be a constant equal to the measured
power at 900 s. The measured OTSG secondary pressures were specified as pressue boundary
conditions and the AFW flows in the calculation were set to the measured values in each loop.
In the test. the pressurizer heaters were controlled based on pressurizer pressure: the same
procedure was used in the calculation to control the pressurizer heaters based on the calculated
pressurizer pressure. The calculation was started by tripping the RCPs to allow the pump
rotors to freewheel. The TNI benchmark calculation controls are summarized in Table VI.

The measured data available from the TMI natural circulation test included the primary
and secondary pressures. hot- and cold-leg temperatures OTSG secondary and pressurizer
levels. core power. hot-leg flow rate. and TBV stem position. Comparison of corresponding
parameters from the benchmark calculation showed reasonable agreement with the measured
values. The primary and secondary pressures from the calculation compared closely *= 1!
measured values (Fig. 12) since the primary pressure was controlled by the pressuris.. ' _urs
in both the test and the calculation. and the measured secondary pressures werc . ied as
boundary conditions in the calculation.

The calculated natural circulation flow in the primary system also compared closely with
data from the test. Figure 13 shows the total calculated loop flow. the total loop flow from
the hot-leg tlow measurements during the test. and the total loop flow determined from a core
energy balance using the measured power and fluid temperatures in the hot and cold legs. The
difference in the two total loop flows determined from test data is a result cf the uncertainty in
the hot-leg flow and core power measurements. Figure 13 shows excellent agreement between
the calculated and measured natural circulation flow rates and also indicates that the calculated
natural circulation flow rate may be at the high end of the uncertainty in the measured natural
circulation flow rate after completion of the pump coastdown at 800 s.

The most significant difference between the benchmark calculation and the test occurred
in the hot-leg temperatures. Figure 14 shows that. before 800 s, the calculated hot-leg
temperatures exceeded the test data and. after 800 s. the calculated hot-leg temperatures
were shghtly below the data. This difference is consistent with the differences in the total
loop flows shown in Fig. 13 Prior to "he completion of the reactor coolant pump cozstdown
at approximately 800 s. Fig. 13 indicates that the calculated natural circulation flow was below
the natural circulation flow in the test As a result. the fluid transit time through the core was
increased in the calculation and the calculated hot-leg temperatures exceeded the test data
until 800 ¢ After 800 s the situation was reversed the calculated natural circulation flow
exceeded the measured flow (Fig. 132). resulting in lower calculated hot-leg temperatures as
compared to the measured values (Fig 14) At the end of the test at 1800 s. Fig. 13 shows
that the calculated natural circulation flow matched the upper measured flow of 670 kg /s while
the lower measured value was 410 kg /s Assuming a core power of 3 1% (78 7 MW). an encrgy
balance shows that if the calculated natural arculation flow had been midway between the
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TABLE VI
TMI BENCHMARK CALCULATION CONTROLS

Core power Steady state: 81.2 MW
Transient: Switch to measured power vs time curve at
beginning Jf transient
Main Steady state: Off
Transient: Off
AFW flow Steady state: Vary AFW to maintain secondary levels at
20.6 ft
Transient: Use measured AFW flow
Steam flow Steam line connected in series to VALVE and BREAK component
(pressure boundary condition: same as TMDPVOL in RELAPS)
Steady state: Constant BREAK pressure = 953 psia:
(A loop). 959 psia (B loop): VALVE open
Transient: Measured pressures in A and B loop BREAKS:
VALVES open
HPI Deactivated
PORV Deactivated
CFT Deactivated
Frimary pumps Steady state: Constant speed = 154.18 rad/s
Transient: Freewheel
Pressurizer On when ; ~ssure below 2135 psia during transient
heaters
Terminate At 1800 s (end of test)
calculation

two measured values. then the calculated hot-leg temperature in Fig. 14 would have matched
the measured value of 580 K at 1800 s.

In both the test and the calculation. the cold-leg temperatures (Fig. 15) remained within
15 K of the OTSG secondary saturation temperatures after 100 s when the pump coastdown
was 90% complcte (Fig 13). The overall comparison of the loop flows and hot- and cold-
leg fluid temperatures in Figs 13-15 was reasonable: differences betw-en the measured and
calculated parameters were small and the same tiends occurred in the calculation as in the
test.

The differences in the measured and calculated hot leg temperatures in Fig. 14 were
probably caused by uncertainty in modeling the low speed TMI pump performance and the core
power during the natural drculation test The homologeus curves in the TRAC PF1/MOD?2
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Primary and secondary pressures for TMI natural circulation test.
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OTSG secondary collapsed liquid levels for TMI natural circuiation test.

TMI deck are generic curves for lowered loop B&W plants, which do not account for minor
differences in pump performance for a specific plant. More accurate modeling of the low-
speed pump performance or pump bearing friction would probably improve the calculated
natural circulation flow (Fig. 13) and hot-leg temperature (Fig. 14) comparisons after the
pump coastdown at approximately 800 s. Differences between the calculation and the test
could also be explained by the uncertainty in the core power. Core power data were only
available for the first 900 s of the test: if the power assumed in the calculation after this time
were too low, then the calculated hot-lcg temperatures wonld also be too low, as shown in
Fig. 14.

The uncertainty in the measured OTSG AFW and steam flows does not appcar to have
caused differences between the calculation and the test. The AFW flows in the test were
below the flow instrument range. and the strip chart recordings of the AFW flows show
oscillations between 0 and 200 gpm. In addition, there were no steam flow measurements
during the test although the TBV stem position was recorded. Even though the maximum
indicated value of 200 gpm was used in the calculation, the calculated OTSG secondary levels
decreased below the measured levels (Fig 16) after about 900 5. The OTSG level comparison
in Fig. 16 indicates that both the calculated AFW flow and the secondary levels were too
low. and therefore the OTSG thermal center elevation was also too low in the calculation, An
improved representation of the AFW flow in the calculation would thus increase the calculated
thermal center and corresponding natural circulation flow. Since the natural circulation flow
was already too hiph in the calcalation (Fip. 13), differences between the calculation and the
test cannot be attributed to uncertainty in the measured AW and steam flows,

206



The comparison of the benchmark calculation to the natural circulation test results con-
firms that the TRAC-PF1/MOD2 code and model used for the sensitivity calculations can
calculate the OTSG behavior with reasonable accuracy. The overall trends of the transition
from forced to natural circulation flow in the test were captured in the calculation, and the
differei:ces between measured and calculated parameters were small. Further qualification of
the code and model would require additional experimental data over a wider range of operating
conditions.

IV. CONCLUSIONS

The matrix of sensitivity calculations and parameter variations was chosen to define
the sensitivity of the calculated OTSG and primary system behavior to variations over the
range of uncertainty in parameters representing phenomena in the OTSG secondaries. The
results of the calculations confirmed the expected sensitivity and quantified the effects of
the parameter variations on calculated primary and secondary behavior. The results thus
provide inf~rmation for determining whether additional experimental data are needed in order
to improve the accuracy of calculated OTSG behavior. That determination. however. is beyond
the scope of this study.

The results of the BCM mapping calculations show that the condensation heat transfer
during AFW BCM is neariy proportional to the assumed tube wetting fraction. This sensitivity
indicates a need for data to characterize the AFW tube wetting profile. In plant calculations,
however. the condensation heat transfer during BCM reduces the vapor pressure inside the
tubes. allowing liquid to rise in the tubes and thereby reducing the condensation surface area.
This is. therefore, a self-correcting phenomenon. Also, if the OTSG and/or primary system
are not rejecting the core heat, then the primary system inventory in a small-break loss-of-
coolant accident would continue to deplete and expose more surface area for condensation.
The need for wetting profile data is somewhat diminished by this self-limiting /self-correcting
characteristic of BCM in plant transients.

Three steam-generator overfill sensitivity calculations were performed which included a
base case with no interfacial heat-transfer changes and two scensitivity calculations. one with
a multiplier of 0.1 and one with a multiplier of 3 applicd to the interfacial heat transfer in
the OTSG sccondaries. The results of the overfil! sensitivity calculations showed that the
primary heat removal rate increased with increased interfacial heat transfer, as expected. but
the magnitude of the sensitivity was very smail.

Interfacial heat transfer in the OTSG sccondaries was varied in the MSLB sensitivity
calculations. The three MSLB calculations included a base case calculation with no interfacial
drag changes and sensitivity calculations with multipliers of 0.001 and 1000 for the drag. The
variations in interfacial drag in the MSLB calculations represenind not only the uncertainty in
the liquid vapor drag coeflicient, but also uncertainty in the magnitude of the eflects of the
entrainment /de entrainment process at the tube support plates and cross flow at the exit in
the OTSG secondaries. The results of the MSLB calculations showed a latge sensitivity in the
OTSG behavior and primary response to variations in intetfacial drag. Based on these results
and results of the overfill calculations, experiments data to characterize interfacial deag and
the entrmnment /de entrainment process (for which no models exist) are needed mere than
data to characterize interfacial heat transter.
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The TRAC-PF1/MOD2 code and model used for the sensitivity calculations were qualified
by performing a benchmark calculation for a natural circulation test in the TMI plant. Results
of the calculation indicated that the calculated natural circulation flow rate was within the
uncertainty of the measured flow rate and. therefore, that the OTSG thermal center elevation
was accurately calculated for the conditions in the TMI test. Further qualification of the code
and model would require additional experimental data for a wider range of conditions.

The decision of whether additional experimental data are needed to characterize OTSG
behavior must ultimately be based on an evaluation of the existing experimental data base
and the accuracy of current calculations of OTSG behavior vs the desired accuracy of the
calculations. The following observations are provided to assist in defining facility needs, if the
decision is made that additional experimantal data are needed.

The OTSG behavior is calculated in TRAC-PF1/MOD2 using models and correlations
for microscopic physical phenomena. The models are evaluated by the code for cells and
junctions representing small regions of the OTSG secondary. The typical OTSG nodalization
forces the code to average microscopic processes that occur simultaneously within a cell such
as falling film and dispersed droplet heat transfer at tube surfaces, localized effects of the
tube support plates in the presence of fully developed flow in the tube bundles. and turning
flows that cause some of the droplets to de-entrain on the tube sur a-es. On the other hand.
some of the processes in the secondary, such as AFW tube wetting, occur over large regions
modeled by several cells.

There are three basic methods for impiroving the accuracy of OTSG calculations. First,
additional data could be obtained to better characterize the microscopic physical phenomena
or to characterize phenomena for which there are no data, such as de-entrainment of droplets
at the tube support plates. With improved characterization of microscopic phenomena, smaller
cells could be used for a more accurate representation of the phenomena in code calculations.
This approach would use separate effects test facilities to obtain data for microscopic phe
nomena. The second method would be to develop integrated correlations that include the
cflects of several phenomena. This method would improve the accuracy of OTSG calculations
voithout requiring the use of smaller cells and would also use separate effects test facilities.
The third method is to use a large scale test facility to obtain data to characterize the behav
ior of a large region of the secondary when a macroscopic process is taking place, develop a
correlation from the data, and include the correlation as code option.

If either the first or second methods are chosen, a large scale test facility would still
be needed to verify that the correlation improvements based on separate eflects tacility data
actually result in a more accurate calculation of the OTSG petformance. The third approach
involves a large scale test faality by definition, Therefore, it appears that a large scale test
facility would be requited regardless of which method is chosen to improve the accuracy of
the calculated O TSG behavior.
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